
Mike Coogan Group Research Interests:- 

The groups research areas are mainly based around organometallics, coordination 
chemistry photophysics (especially fluorescence imaging) and esoteric aspects of chirality. 
Current research projects on organometallics involve applications of rhenium carbonyl 
bisimine complexes in biological imaging, structural and synthetic work on dicobalt 
hexacarbonyl alkyne complexes, bioinorganic chemistry and multimetallic systems. 
Current chirality-based projects include an investigation of the use of circularly polarised 
light in synthesis and the development and application of axially chiral heterocycles, the 
biquinazolinones. 

 

fac-Rhenium tricarbonyl bisimine complexes in biological imaging 
It has recently been shown by this group along with collaborators Drs. Angelo Amoroso and Simon 
Pope of this School and Prof. David Lloyd, Coralie Millet and Dr. Anthony Hayes (of Cardiff 
University School of Biosciences) that fac-rhenium tricarbonyl bisimine complexes, which are well 
know 3MLCT emissive systems can be tailored to have the required levels of lipophilicity and 
polarity to be used as cell imaging agents in fluorescence microscopy. Additionally, chemical 
modification of ligands allows us to target the fluorophores to specific cell compartments. This 
work has been recognised by the RSC as significant and was highlighted in the RSC publication 
Chemical Biology http://www.rsc.org/Publishing/Journals/cb/Volume/2007/8/Dye-namic_transitions.asp. 
These new fluorochoromes have advantages over traditional dyes in terms of the Stokes Shift and 
long lifetimes associated with 3MLCT systems which help in obtaining clear images free from 
interference from autofluorescence. Work is ongoing developing thiol-reactive agents, and agents 
for targeting mitochondria and other important organelles. We use liposomes as cell models to 
assess the membrane permeability of fluorescent agents, and advanced steady state and time 
resolved fluorescence spectroscopy to fully understand the chemical, physical and photophysical 
properties of metal based lumophores before they are introduced to biological systems and high 
resolution confocal fluorescence microscopy images obtained (some of which are included below). 
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Images obtained with Spironucleus vortens, a parasitic flagellate using the respective rhenium 
complexes. Note that sulphated complexes target digestive vacuoles, lipophilic complexes target 
membranes, with the chain length determining which membranes are targeted . 



Bioinorganic chemistry- biominetic dehalogenations 
There are a family of bacteria which dechlorinate the important pollutants tetrachloroethylene 
(perchloroethylene, PCE) and trichloroethylene (TCE) via organometallic intermediates based upon 
cobalamine, B12. Isolated B12 is a poor model for the reactivity of the impornat enzymes 
(dehalogenases) in this process and we are working towards complexes which mimic the chemistry 
shown by the enzyme. 

In order to mimic the B12-FeS congomer we are now 
working towards ligands in which a redox active group 
either metallic or non-metallic is conjugated to a 
transition metal complex which mimics the B12 in the 
natural system. The overall reaction in the bacterial 
system is illustrated in the cartoon combining Co and FeS 
clusters. A realistic model for the holoenzyme must 
contain :- 

1) A mimic for the Co in B12  
2) A mimic for the FeS cluster, i.e. an electron shuttle which will be reduced by an external 

reductant, and in turn re-reduce Co to the active state; 
3) A source of hydrogen / protons to complete the hydro-dehalogenation required for the 

conversion of PCE to ethane and a group which will shuttle these from the medium to the 
reactive centre (i.e. hydrogen transfer) 

 
Our work is directed towards coupling transition metal complexes with redox centres (both 
metallic and organic) via a pyridine ligand and examining their reactivity with reductants and 
efficacy in catalytic dehalogenation. 
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Cobalt Carbonyl Chemistry 

Multimetallic Systems 

 
Synthetic Applications 
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We have recently synthesised the first combined cobaloxime-cobalt 
carbonyl complexes and showed that they retain the useful reactivity of 
the subunits (i.e. undergo Pauson-Khand reaction, generate radicals by 
homolysis of cobaloxime Co_C bond).  
This prototype cobaloxime – metal complex demonstrates that redox 
active metal complexes and cobaloximes can coexist and undergo 
reactions (the PK) which formally involve shuttling of oxidation state, 
however the dimethylene bridge insulates the cobaloxime from the cobalt 
carbonyl complex 
 

A concise synthetic route to 
indoles based around the Pauson-
Khand reaction has been 
developed, using a conjugate 
addition of an organocuprate to 
trigger condensation to the 
heterocycle. 



 

Circularly polarised light in asymmetric synthesis 
We are working on a very ambitious project which is aimed at coupling the known phenomena of :- 

1) The ability to induce small e.e.s in photochemical reactions / isomerisations by using 
intrinsically chiral left or right handed circularly polarised light 

2) The ability to use a variety of chemical or physical means to amplify e.e. from small, even 
barely measurable levels to significant levels. 

 
The interest here is both practical and philosophical. In addition to possible applications of CPL in 
asymmetric synthesis, it is known that cosmic radiation reaching the earth is circularly polarised, 
and it has been suggested that this chiral radiation is the source of the overwhelming dominance of 
single handed forms of naturally occuring chiral molecules. Given the small e.e.s likely to have 
been produced in prebiotic photochemical reactions some form of chiral amplification process is 
required to explain the evolution of single-handed life, and we are interested in developing models 
for this process. 
To this end we are currently working towards the synthesis of a variety of species which are 
racemisable by photochemical means such as twisted alkenes and methylene cyclohexanes bearing 
suitable substitution to allow chiral amplification to be attempted after a small e.e has been induced 
by irradiation with CP light.  
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methylene cyclohexanes (a)    twisted alkenes (b) 

Photochemical isomerisations with CPL from other groups 
One method of chiral amplification is the self seeding of a conglomerate crystallisation process in 
which a small chiral influence can lead to the precipitation of crystals of a single enantiomeric form 
of a substance from a racemic (or racemising) solution or melt. Kondepudic has demonstrated this 
phenomenon in binaphthylene and also in complexes such as Co(en)2BrNH3, and we are interested 
in attempting to couple this phenomenon with CPL deracemisation in photoactive species such as 
the phenylene diamime and chromium (III) analogues illustrated. 
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Atropisomerism and “Asymmetric Transformations of the Second 
Kind”  

Atropisomerism or axial chirality  is one kind of isomerism which occurs when molecules are 
chiral by virtue of their overall shape rather than having chiral centres. The 3D shape which renders 
these molecules chiral is maintained as a result of hindered rotation around a bond or bonds, hence 
the term atropisomerism, from AtroposAtroposAtroposAtropos , a character in Greek traditional belief, one of the three 
Fates who severs the thread of life (atropos, that may not be turned, from a + tropos, from the verb 
to turn). These molecules are not only of great aesthetic appeal, but have a wide range of 
applications 
We have recently reported the synthesis of a new class of atropisomeric dimeric heterocycles, the 
biquinazolinones (biQs). These are synthesized on hundred gram scale from bisanthranoyl 
hydrazine 1, which itself is regularly prepared in our laboratory on one molar scale.18 The syntheses 
rely on easy heterocyclic chemistry and are high yielding giving stable crystalline products 2a-g 
(Scheme 1).  
BiQs are available as single enantiomers via a deracemisation (Scheme 2) which converts a 
racemic sample into a single enantiomer in near quantitative yield. The crystallization induced 
“asymmetric transformation of the second kind” which delivers the homochiral material has only 
been optimized for a small number of substrates, but, according to the mechanistic rationales which 
explain the process,16,18  should be available for a large range of biQs.  
Functionalization of biQs is achieved using suitably substituted biQs (e.g. 2c) as electrophiles. The 
biQs which we have encountered so far are stable across a large temperature range and to a variety 
of harsh chemical conditions. All biQs other than the unsubstituted case (2g) have high barriers to 
rotation and are thus stereostable atropisomers. 
We are interested in applying biQs to a range of applications in asymmetric synthesis and as chiral 
building blocks. Early targets are the application of biQs as chiral auxiliaries in organic synthesis, 
the application of BINAP-like biQ ligands in asymmetric catalysis and the application of biQ 
building blocks to the synthesis of metal-containing helical macromolecules and coordination 
polymers.  
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a; R = alkyl
b; R = aryl
c; R = CH2Br
d; R = CO2Et
e; R = OH
f;  R = SH
g; R = H
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Biographical Sketch 

Mike Coogan was born in Birkenhead in 1969. He graduated from Leicester University in 1990 
with an upper second class honours degree and remained there to study for a Ph.D. with Dr. R. S. 
Atkinson investigating aziridinations of olefins with N-amino heterocycles. After periods of 
postdoctoral work in Nottingham and Cardiff with D. W.  Knight and Sheffield with V. K. 
Aggarwal he was appointed to a Lectureship at Durham University in September 1998, before 
moving to Cardiff as a Research Fellow in 2000, before being appointed a lecturer in 2005, and 
promoted to senior lecturer in 2007. 
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